This paper describes a reserved-phase high performance liquid chromatographic method for detecting melamine (MEL) and related analogues, cyanuric acid (CYA), ammeline (AML), and ammelide (AMD), using a 100% water mobile phase. Chromatographic separation was performed an Inertsil ® ODS-4 (250 × 4.6 mm, 5 μm) with a water mobile phase and a photodiode-array detector. The monitoring wavelength was adjusted to 210 nm which represents an average maximum for all the analytes. The total run time was < 8 min. The method shows high stability, significant linearity and satisfactory sensitivity. The detection limits were established in the range 23 -46 ng . mL -1
Introduction
In 2007, pet foods adulterated melamine resulted in the serious illness of animals that consumed the food. The following year, there have been reports from several countries of melamine adulteration of a variety of food products, including milk and milk-derived ingredients from China [1] . It was found that pet foods and milk products were deliberately interlarded with MEL ( Figure 1 ) to boost their total nitrogen content. The interlarded foods have apparently elevated protein content [2] . MEL used for the adulteration contains three related analogues, byproducts in the manufacturing of MEL, namely cyanuric acid (CYA), ammeline (AML), and ammelide (AMD) (Figure 1 ) [3] .
In a follow up survey in infant formula samples purchased in Canada, the Health Canada found the four compounds in almost all infant formula products: the total of MEL-related compounds (sum of all four compounds) in all samples was below the interim standard of 0.5 μg . kg −1 for infant formula products established by Health Canada [4] . Although MEL, CYA, AML, and ADM themselves are not known to be particularly toxic, it is believed that the coexistence of MEL and related analogues cause the health problem [5] .
In response to the recent expansion in the internal food trade, the development of international harmonized methods to determine chemical residues in foods is essential to guarantee equitable international trade in these foods and ensure food safety for consumers. Whether in Industrial nations or developing countries, an internal harmonized method for residue monitoring in foods is urgentlyneeded. The optimal harmonized method must be easyto-use, economical in time and cost, and must cause no harm to the environment and analyst. For determining either MEL alone or with related analogues, previous HPLC techniques combined with UV [6] , photo-diode array detector (PDA) [7] , and LC-MS/ MS [8] [9] [10] [11] have been reported. The US Food and Drug Administration issued new methods for the analysis of melamine in liquid formula, based on LC-MS/MS detection [12] . However, these methods have crucial drawbacks: 1) all of the methods consume large quantities of organic solvents in the mobile phases. Risk associated with these solvents extend beyond direct implications for the health of humans and wildlife to affect our environment and the ecosystem in which we all reside. Additionally, incineration for disposal of waste organic solvents has steadily increasing over the past ten-odd years and has spent huge amounts of money. Eliminating the use of organic solvents is an important goal in terms of environmental conservation, human health and the economy [13, 14] ; 2) over half of the recent methods are LC-MS/MS. The facilities that LC-MS/MS system is available are limited to part of industrial nations because these are hugely expensive, and the methodologies use complex and specific. These are unavailable in a lot of laboratories for routine analysis, particularly in developing countries.
As the first examination problem in the establishment of an international harmonized method for the residue monitoring of MEL, CYA, AML, and AMD, this paper describes a 100% water mobile phase HPLC conditions to detect the four compounds without organic solvent consumption.
Experimental

Chemicals and Reagents
Standards of melamine (MEL), cyanuric acid (CYA), ammeline (AML), and ammelide (AMD) and other chemicals were purchased from Wako Pure Chem. Ltd. (Osaka, Japan). Distilled water was of HPLC grade. Diethylamine was of analytical reagent grade. These standards and chemicals were greater than 99% purity.
Equipments
The HPLC system, used for method development, included a model PU-980 pump and DG-980-50-degasser (Jasco Corp., Tokyo, Japan) equipped with a model CO-810 column oven (Thosoh Corp., Tokyo, Japan), as well as a model SPD-M10A VP photodiode-array (PDA) detector (Shimadzu Scientific Instruments, Kyoto, Japan).
The following seven types of non-polar sorbent columns ( 
Operating Conditions
The analytical column was an Inertsil ® ODS-4 (octadecyl groups chemically bonded silica, C18) (250 × 4.6 mm, 5 μm d p , 450 m 2 . g -1 surface area, 100 Ǻ pore diameter, 1.05 mL . g -1 pore volume, 11% carbon load) column (GL Sciences) using a water mobile phase at a flow rate of 1.0 mL . min -1 at 25℃. PDA detector was operated at 190 -300 nm: the monitoring wavelength was adjusted to 210 nm which represents an average maximum for all the analytes. 
Preparation of Stock Standards and Working Mixed Solutions
Stock standard solutions of MEL and CYA were prepared by dissolving each of MEL and CYA in water to a concentration of 10 μg . mL -1 . In regard to AML and AMD, each stock standard solution was prepared by accurately weighing 5 mg, dissolving it in 20 mL of diethylamine and diluting to 500 mL with water. Working mixed standard solutions of these four compounds were prepared by suitably diluting the stock solutions with water. These solutions were kept in a refrigerator (5℃).
HPLC Validation
Linearity
The calibration curve was generated by plotting peak areas ranging from 50 to 5000 ng . mL -1 versus their concentrations. The linearity was assessed from the linear regression with its correlation coefficient.
Detection Limit and Minimum Detectable
Amount The detection limit should correspond to the concentration for which the signal-to-noise ratio. The value was defined as the lowest concentration level resulting in a peak area of three times the baseline noise.
Standard Solution Stability
The stability of stock solutions of the target compounds were evaluated at room temperature, 25˚C, for 24 h and 5˚C for 10 days, respectively. After completion of the storage time, the stability was tested by comparing the HPLC response with that of freshly prepared solutions. In the same manner, a working mixed standard solution (1000 ng . mL -1 of each compound) was tested.
Robustness
Changes of ±5% units of the flow rate (1.0 mL . min -1 ) and the column temperature (25˚C) were determined. The effect on the peak areas and the validations in the retention times were evaluated.
System Suitability Test
The HPLC system suitability was evaluated as the relative standard deviations of peak areas and retention times calculated for 20 replicate injections of a mixed standard solution (100 ng . mL -1 of each compound).
Results and Discussion
Optimum HPLC Conditions
In order to achieve the separation with a 100% water mobile phase, this study tested seven types of non-polar sorbent columns. The physical and chemical specifications are listed in Table 1 . This study examined column temperatures (≥20˚C) and flow rates (≥0.5 mL . min -1 ). The seven columns were compared with regard to the separation among the four target compounds and the sharpness of the peaks peak obtained upon injection of equal amounts. The chromatographic separations and peak forms formed within the conditions ranges examined are also presented in Table 1 .
The complete separation of MEL, CYA, AML, and AMD and their symmetrical peaks were obtained by a Column G and a 100% water mobile phase with a column temperature of 25˚C and a flow rate of 1.0 mL . min -1 . Figure 2 displays that the resulting chromatogram obtained from the HPLC. The four peaks are clearly distinguished <8 min (Figure 2) . From the data shown in Table 1 , it is difficult to prove the criterial parameter in the column with regard to the retentions of the target compounds and their peak forms. Table 2 summarizes the validation data for the main performance parameters (linearity, detection limit, minimum detectable amount, and standard solution stability). The a As the concentration of analyte giving a signal-to-noise ratio >3; b p < 0.01: range of concentration was 50 -5000 ng . mL -1 ; c The chromatographic peak area (%) after completion of the store time: data are expressed as average area ranges, (n = 5, for each compound); CV in parentheses (%). present standard stabilities were well within the international acceptance criteria [15] .
HPLC Validation
Main Validation Data
Robustness
Changes of ±5% of the flow rate and the column temperature had no effect on the peak areas, whereas the variations in the retention times were obtained with the flow rate and the column temperature. Normal retention times for MEL, CYA, AML, and AMD were 6.96, 3.13, 4.19, and 3.39 min, respectively. At +5% the flow rate, the four retention times were decreased, ranging between 1.4 and 4.7% and at -5%, the times were increased ranging between 5.5 and 8.0%. By changing the column temperature by +5%, decreasing retention times obtained were 1.6% -7.1%, however, no significant variations were observed with -5%. During these studies, all the target compounds were separated.
System Suitability
The system-suitability evaluation is an essential parameter of HPLC determination, and it ascertains the strictness of the system used. The values for all four compounds were estimated to be <0.4% for peak areas and <0.6% for retention times.
Conclusion
A breakthrough HPLC-PDA method for detecting MEL and related analogues, CYA, AML, and AMD, using a 100% water mobile phase has been successfully established. A water mobile phase method, which has never happened before, is harmlessness to the environment and to humans and has a short run time and high sensitivity. For the quantification in various foods, the proposed HPLC method will be applicable enough by performing a suitable sample preparation technique.
